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0 Abrasion resistant highly filled polyester compositions. 

@ A method of coating is disclosed which is based on applying a composition which is based on colloidal silica 
dispersed in a silanol or methacrylic derived polymer system or an aminoplast resin to an article of a 
polybutylene terepthalate or polyethylene terephthalate, or blends of poiybutylene terephthalate and polyethyl- 
ene terephthalate. which optionally include a polycarbonate, or optionally include a polyether ester or 
polyetherimide ester and a heavy inorganic filler. 
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BACKGROUND OF THE INVENTION 

Highly filled polyester containing molding compositions having c ramie like prop rtles may be formed 
into diverse artici s for use in applications where repetitive contact with diverse obj cts may be anticipated. 
5 These articles may become scratched or abraded and it Is desirabi to provide abrasion resistant coatings 
which may be readily applied to formed articles in order to pr vent damage and loss of gloss. In addition, it 
is also desirable to provide an abrasion resistant coating which will tenaciously adhere to the surface of a 
highly filled polyester based article and will also provide good surface gloss. Further criteria that are 
important in an abrasion resistant coating is the ability to resist staining and resist the effect of water and to 
TO protect the substrate from discoloration by exposure to light. 

The applicants have discovered that particular coatings may be applied to a polyester based article to 
give it enhanced abrasion resistance. 

The water resistance and tenacious adherence of these coatings on a highly filled polyester based resin 
article, which has ceramic like qualities were impossible to predict. This is because it Is not possible to 
75 predict if a particular coating will have sufficient adherence so that it will adhere to a highly filled polyester 
resin containing composition; 

Accordingly, it is a primary object of the invention to provide an abrasion resistant coating to a highly 
filled polyester based article. 

It is also an object of this invention to provide an abrasion resistant coating to a highly filled polyester 
20 based article wherein the abrasion resistant coating adheres tenaciously to the surface. 

K is also an object of this invention to provide on abrasion resistant coating for a highly filled polyester 
based article wherein the abrasion resistant coating has good adhesion in a water soak test. 

It is also an object of this invention to provide an abrasion resistant coating for a highly filled polyester 
based article wherein the abrasion resistant coating has good stain resistance. 
25 It is also an object of this Invention to provide an abrasion resistant coating for a highly filled polyester 
based article wherein the abrasion resistant coating has good gbss. 

These and other objects of the invention will become apparent from the specification. 

SUMMARY OF THE INVENTION 

30 

The present invention provides a method of providing an abrasion resistant coating on an article which 
is formed from a composition which comprises: 

(a) from 0-70 weight percent of a polybutylene terephthalate resin; 

(b) from 0-70 weight Percent of a polyethylene terephthalate resin, with the proviso that the sum of the 
35 amounts of the polybutylene terephthalate resin and the polyethylene terephthalate resin must be at least 

10 weight percent of the total composition; 

(c) from 0-35 weight percent of an aromatic polycarbonate resin and wherein the total weiight of (a)+(b) 
is equal to or greater than the weight of (c); 

(d) when (c) is greater 5 weight percent, then an effective amount of a stabilizer selected from the group 
40 consisting of phosphites, acidic phosphate salts, polyacid pyrophosphates and salts thereof; phosphate 

salts of a Group IB and IIB metal; and phosphorous oxo-acids; 

(e) from 0-15 weight percent of a styrene-rubber impact modifier; 

(f) from 0-35 weight percent of a polyether ester resin or a polyetherimide ester; 

(g) from 30-80 weight percent of an inorganic filler selected from the group consisting of barium sulfate. 
45 strontium sulfate, zirconium oxide, zinc oxide and zinc sulfate; and 

(h) from 0-30 percent of a fibrous glass reinforcing filler, 

said method comprising applying to said composition a curable transparent coating selected from the 
group consisting of: 

(a) a coating comprising a colloidal silica which is dispersed in a silanol and/or acrylic or methacrylic 
50 derived polymer system; or 

(b) a coating comprising an aminoplast resin; and thereafter curing said curable transparent coating 
under curing conditions which will cure said transparent coating. 

Other preferred methods of providing an abrasion resistant coating include the coating of articles on 
articles formed from a composition which comprises: 
55 (a) from 0-30 weight percent of a polybutylene terephthalate resin; 

(b) from 0-30 weight percent of a polyethylene terephthalate resin, with the proviso that the sum of the 
amounts of the polybutylene terephthalate resin and the polyethylene terephthalate resin must be at least 
1 0 weight percent of the total composition; 
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(c) from 1 0-30 weight percent of an aromatic polycartx)nate resin; 

(d) an effective amount of a stabilizer selected from the group consisting of phosphites, acidic phosphate 
salts, polyacid pyrophosphates and salts thereof, phosphate salts of a Group IB or Group IIB metal and 
phosphorous oxo-acids; 

5 (e) from 0-10 weight percent of a styrene-rubber impact modifier; 

(f) from 30-79.99 weight percent of an inorganic filler selected from the group consisting of barium 
sulfate, strontium sulfate, zirconium oxide and zinc sulfate; and 

(g) from 0-30 percent of a fibrous glass reinforcing filler; said method comprising applying to said 
composition a curable transparent coating selected from the group consisting of: 

70 (a) a coating comprising a colloidal silica which is dispersed in a silanol and/or acrylic or methacrylic 

derived polymer system; or 

(b) a coating comprising an aminoplast resin; and thereafter curing said curable transparent coating 
under curing conditions which will cure said transparent coating. 
The preferred transparent coatings are: 
15 (A) a coating composition which is a dispersion of colloidal silica in a lower aliphatic alcohol-water 
solution of the partial condensate of a silanol of the formula RSi(0H)3 In which R is selected from the 
group consisting of alkyi radicals of 1 to 3 carbon atoms, a vinyl radical. 3,3,3-trifluoropropyl radical, a 
gamma-methacryloxypropyl radical, at least 70 percent of the silanol being CH3Si(OH)3, said composi- 
tion containing 10 to 50 weight percent solids consisting essentially of 10 to 70 weight percent colloidal 
20 silica and 30 to 90 weight percent of the partial condensate, said composition containing sufficient acid to 
provide a pH in the range of 3.0 to 6.0; and 

(B) a silica-containg composition having an alkaline pH, comprising a water/aliphatic alcohol dispersion of 
ammonium hydroxide-stabilized colloidal silica and a partial condensate derived from organotrialkoxy 
si lanes; 

25 (C) an ultraviolet fight curable coating which comprises 1-60 weight percent colloidal silica; 1-50 weight 
F)ercent of the material produced by the hydrolysis of silyl acrylate and 25-90 weight percent of an 
acrylate monomer and 0.1-5 weight percent of a UV photoinitiator; or an ultraviolet light curable coating 
which comprises 100 parts by weight of colloidal silica; 5 to 500 parts of an acryloxy functional silane or 
glycidoxy functional silane; 10-500 parts by weight of a non-silyl acrylate and a catalytic amount of a 

30 light sensitive photoinitiator; and 

(D) a coating composition which is a reaction product of an aminoplast derived component and a 
polyester polydl consisting essentially of the reaction products of diacids and diets wherein said diacids 
comprise at least 50% by number of aliphatic adds in which the carbon atoms containing hydroxyl 
groups are separated by at least two intervening cartoon atoms, and wherein the hydroxyl number is from 

35 about 50 to about 175; and thereafter curing said coating under curing conditions. 

DETAILED DESCRiPTiON OF THE INVENTION 

Coating (A) Is an acidic dispersion of colloidal silica and hydroxylated silsequioxane in an alcohol-wat r 

40 medium. More particularly, the coating composition comprises a dispersion of colloidal silica in a lower 
aliphatic alcohol-water solution of the formula RSi(0H)3 in which R is selected from the group consisting of 
alkyI radicals of 1 to 3 cari^on atoms, a vinyl radical, a 3,3,3-trifluoropropyi radical, a gamma-glycidox- 
ypropyl radical and a gamma-methacryloxypropyl radical, at least 70 percent of the silanol being CHaSi- 
(0H)3, said composition containing 10 to 50 weight percent solids consisting essentially of 10 to 70 weight 

45 percent colloidal silica and 30 to 90 weight percent of the partical condensate, said composition containing 
sufficient acid to provide a pH in the range of 3.0 to 6.0. These coatings are described in U.S. 3,986,997 
which is incorporated by reference. 

Coating B is a silica containing coating composition comprising from about 10 to 50 weight percent 
solids dispersed in a water/aliphatic alcohol mixture wherein the solids comprise about 10 to 70 weight 

60 percent ammonium hydroxide stabilized colloidal silica and about 30 to 90 weight percent of a partial 
condensate derived from an organotrialkoxy silane of the formula R*Si(0R)3 wherein R'is selected from the 
group consisting of alkyt radicals of from 1 to 3 carbon atoms and aryl radicals of from 6 to l3\carbon 
atoms and R is selected from the group consisting of alkyI radicals of from 1 to 8 carbon atoms and aryl 
radicals of from 6 to 20 carbon atoms, said composition having a pH of from about 7.1 to 7.8. These types 

5S of coating compositions are described in U.S., 4,624,870 which is incorporated by reference. 

Coating C is an ultraviolet tight curable coating which comprises 1 to 60 percent colloidal silica; l .to 50 
percent of the material produced by the hydrolysis of silyl acrylate and 25 to 90 weight percent of an 
acrylate monomer and 0.1 to 5 weight percent of a UV photoinitiator. Preferred, compositions are derived 
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from aqueous colloidal silica, 2-methacryloxy-propyltrimethoxysilane,hexanedioIacrylate, and a photosen- 
sitizing amount of a photoinitlator. These materials are disclosed in U.S.4.491,508, which is incorporated by 
referenc . In addition Coating C may be an ultraviolet light curable coating which contains 100 parts by 
weight of colbidal silica; 5-500 parts by weight an acryloxy functional silane or glycidoxy functional silane; 
10-500 parts by weight of a non-silyl acrylate and a catalytic amount of an ultraviolet light sensitive 
photoinitlator. Preferred compositions are based on aqueous colloidal silica, methacryloxypropyl trimethox- 
ysllane, hexanedioldi- acrylate, a glycidyloxy functional silane. and a cationic photoinitiator. These type of 
compositions are disclosed In U.S. 4,348.462 and In U.S. 4,491 ,508 which are incorporated by reference. 

These coatings may also be modified to contain an ultraviolet light absorbing agent, for example, those 
of the type described in U.S.4,278,804, which is incorporated by reference. 

Coating D is a reaction product of an aminoplast derived component; and a polyester polyol consisting 
essentially of the reaction products of diacids and diols wherein said diacids comprise at least 50% by 
number aliphatic diacids in which the carboxylic acid groups are separated by at least two intervening 
carbon atoms, said diols comprising at least 50% by number aliphatic diols in which the carbon atoms 
containing hydroxyl groups are separated by at least two intervening cartx)n atoms, and wherein the 
hydroxy I number is from about 50 to about 175. In addition, this coating may comprise a catalyst, a reaction 
stabilizer, one or more ultraviolet light stabilizers or absorbers; and other additives or reactants. 

A preferred aminoplast is hexamethoxymethylmelamine which is commercially available as Cymel 301 
from American Cyanamid Company which may be combined with polyols such as 1 .4-butanediol; 1.8- 
hexanediol; neopentyl glycol; trimethylolpropane in a suitable solvent and a catalyst such as p-toluenesul- 
fonic acid or a polyester polyol of neopentyl glycol and adipic acid in the presence of a suitable solvent 
such as butyl cellosolve. The composition may be dip coated onto the substrate at a thickness of about 1ml 
and cured in a hot air oven. A preferred curing method comprises the use of a hot air oven at 130*C. 
These coatings are descril:)ed in U.S. 4.714,657 which is hereby incorporated by reference. 

Polyesters generally for use in forming articles which are to be coated according to the invention are 
derived from an aliphatic or cycloaliphatic diol. or mixtures thereof, containing from 2 to about 10 carbon 
atoms and at least one aromatic dicarboxylic acid. Preferred polyesters are derived from an aliphatic diol 
and an aromatic dicarboxylic acid and have repeated units of the following general formula: 



n is an integer of from 2 to 6. The most preferred polyesters are poly(ethylene terephthalate) and poly- 
(1 ,4,butylene terephthalate). 

Also. .contemplated_berein are_ the,_abOYe_polyestei^ jwith^minor_anfiounts. je.g.. Jro _abguL 5. _ 

percent by weight, of units derived from aliphatic acids and/or aliphatic polyols to form copolyesters. The 
aliphatic polyols include glycols, such as poly(ethylene glycol). All such polyesters can be made following 
the teachings of, for example. U.S. Patent Nos. 2,465.319 and 3.047,539. 

The polyesters used herein have an intririsic viscosity of from about 0.4 to about 2,0 dl/g as measured 
in a 60:40 phenolAetrachloroethane mixture or similar solvent at 23 * -30 • C. 

The high molecular weight aromatic polycarbonate resins are well known compounds which are 
described along with methods for their preparation In U.S. Patent Nos. 3,989,672; 3,275,601 and 3,028,365, 
all of which are incorporated herein by reference. 

They may be conveniently prepared by the reaction of at least one dihydric phenol and a carbonate 
precursor. The dihydric phenols employed in the practice of this invention are known dihydric phenols 
which may be represented by the general formula: 




0 

II. 
C- 



wherein: 
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wherein: 
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W is independently selected from halogen, monovalent hydrocarbon, and monovalent hydrocarbonoxy 



radicals; 



is independently selected from halogen, monovalent hydrocarbon, and monovalent hydrocarbonoxy 
radicals; 

A is selected from divalent hydrocarbon radicals, 

15 



n' and n" are independently selected from integers having a value of from 0 to 4 inclusive; and 
y Is either zero or one. 

The monovalent hydrocarbon radicals represented by and include the alkyi, cycloalkyl, aryl, 
25 aralkyl, and alkaryl radicals. 

The preferred alkyI radicals are those containing from 1 to at>out 12 carbon atoms. The preferred 
cycloalkyi radicals are those containing from 4 to about 12 ring carbon atoms. The preferred aryt radicals 
are those containing from 6 to 12 ring carbon atoms, i.e., phenyl, naphthyl, and biphenyl. The preferred 
aralkyi and alkaryl radicals are those containing from 7 to about 14 carbon atoms. 
30 The prefen'ed halogen radicals represented by R^ and R^ are chlorine and bromine. 

The monovalent hydrocarbonoxy radicals may be represented by the general formula -OR^ wherein R^ 
has the same meaning as R^ and R^. The preferred hydrocarbonoxy radicals are the alkoxy and the aryloxy 
radicals. 

The divalent hydrocarbon radicals represented by A include the alkylene, alkylidene, cycloalkylene, and 
35 cycloalkylidene radicals. The preferred alkylene radicals are those containing from 2 to about 30 carbon 
atoms. The preferred alkylidene radicals are those containing from 1 to about 30 cartx)n atoms. The 
preferred cycloalkylene and cycloalkylidene radicals are those containing from 6 to about 16 ring carbon 
atoms. 

Some illustrative non-limiting of suitable dihydric phenols include: 
40 2,2-bis(4-hydroxyphenyl)propane (bisphenol-A); 

2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane; 

2.2*bis(3.5-dibromo-4-hydroxyphenyl)propane; 

1 ,1 -bis(4-hydroxy pheny l)cyclohexane; 

1 ,1 -bis(3.5-dimethyl-4-hydroxyphenyl)cyclohexane; 
45 1,1 -bis(4-hydroxyphenyl)cyclododecane; 

1 .1 -bi$(4-hydroxyphenyl)decane; 

1 ,4-bis(4-hydroxyphenyl)butane; 

p.p'-dlhydroxydiphenyl; 

bls(4-hydroxyphenyl)ether: 
50 1,1 -bis(4-hyroxyphenyl)3,3,5-trimethylcyclohexane; 

and 

4,4*-thiodiphenoL 

Other useful dihydric phenols are described, inter alia, in U.S. Patent Nos. 3.028,365; 2.999,835; 
3,148,172; 3,271.368, 2.991,273; 3,271.367; 3,280,078; 3.014,891 and 2.999.846. all of which are incor- 
55 porated herein by reference. 

The carbonate precursors employed in the practice of the instant Invention include the carbonyl halides, 
the bishaloformates, and the diary Icarbonates. The carbonyl halides include carbonyl bromide, carbonyl 
chloride, and mixtures thereof. Typical of the diary Icarbonates are diphenyl carbonate; dt(halophenyl) 



-0-,-S- 



,-C-,-S-, and -S-; 




20 
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carbonates such as cli(chlorophenyl)carbonate, di(bromophenyl) carbonate, di(trichIorophenyl)carbonate. and 
di(tribromophenyl)carbonate; dl(alkylphenyl)-carbonates such as di(tolyI)carbonate; dinaphthyl carbonate: dl- 
(halonaphthyl)carbonat s; and naphthyl phenyl carbonate. The bishaloformates suitable for use herein 
include the bishaloformates of dihydric phenols such as the bischloroformates of hydroquinone and 
5 bisphenol-A; the bishalofornnates of glycols such as the bischloroformates of ethylene glycol, neopentyl 
glycol, and polyethylene glycol. 

The polycart)onates of the instant invention contain at least one recurring stmctural unit represented by 
the formula: 



10 



16 




wherein: 

A, R\ R2, n*, n" and y are as defined hereinafore. Monofunctional phenols can be added as end capping 
agents to the polymerization to control molecular weight and provide desired properties. 

20 The instant polycarbonates are high molecular weight aromatic carbonate polymers having an intrinsic 
viscosity, as determined in chloroform at 25 'C. of from about 0.3 to about 1.5 dl/gm, preferably from about 
0.45 to about 1.0 dl/gm. These polycarbonates may be branched or unbranched and generally will have a 
weight average molecular weight of from about 10»000 to atwut 200,000, preferably from about 20.000 to 
about 100.000 as measured by gel permeation chromatography. 

25 The branched polycarbonates may be prepared by adding a branching agent during polymerization. 
These branching agents are well known and may comprise organic polyfunctional organic compounds 
containing at least three functional groups which may be hydroxyl, carboxyl, carboxylic anhydride, 
haloformyl and mixtures thereof. Specific examples Include trimellitic acid, trimellitic anhydride, trimellitic 
trichloride, tris-p-hydroxy phenyl ethane, isatin-bis-phenol,tris-phenol TC (1,3,5-tris((p-hydroxyphenyl)- 

30 isopropyl)ben2ene),tris-phenol PA (4(4(1 ,1-bis(p-hydroxyphenyl)-ethyl)alpha.alpha-dimethyl ben2yl)phenol). 
4-chloroformyl phthalic anhydride, trimesic acid and benzophenone tetracarboxylic acid. 

The branching agent may be added at a level of about 0.05-2.0 weight percent. Branching agents and 
procedures for making branched polycarbonates are described in United States Letters Patent Nos. 
3,635,895; 4,001,184; and 4.204,047 which are incorporated by reference. 

35 In the practice of the present invention, it may be desirable to add an impact modifier which is based 
on a high molecular weight styrene-diene rubber. 

A preferred class of rubber materials are copolymers, including random, block and graft copolymers of 
vinyl aromatic compounds and conjugated dienes. Exemplary of these materials there may be given 
hydrogenated, partially hydrogenated, or non-hydrogenated block copolymers of the A-B-A and A-B type 

40 wl^rein A_is_pplystyienjB_and3„is_an jB^I^^^^ 

copolymer of styrene and a Y conjugated diene. acrylic resin modified styrene-butadiene resins and the 
like; and graft copolymers obtained by graft-copolymerization of a monomer or monomer mix containing a 
styrenic compound as the main component to a rubber-like polymer. The rubber-like polymer used in the 
graft copolymer are as already described herein including polybutadiene, styrene-butadiene copolymer, 

45 acrylonitrile-butadiene copolymer, ethylene-propylene copolymer, ethylene butylene copolymer, 
polyacrylate and the like. The styrenic compounds includes styrene. methylstyrene, dimethylstyrene, 
isopropylstyrene, alphamethylstyrene, ethylvinyltoluene and the like. 

Procedures for the preparation of these polymers are found In U.S. Patent Nos. 4.196,116; 3.299,174 
and 3,333,024, all of which are incorporated by reference. 

50 The thermoplastic multi-block copolymer elastomers that are used in this invention are 
copolyetheresters and copolyetherimide esters. 

The copolyetheresters consist essentially of a multiplicity of recurring long chain ester units and short 
chain ester units joined head-to-tail through ester linkages, said long chain ester units being represented by 
the formula: 

55 
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"OGO-CRC- (I) 

5 

and said short chain ester units being represented by the formula: 

0 0 

II i| 

^0 -ODO-CRC- (XI) 

where G is a divalent radical remaining after the removal of terminal hydroxyl groups from a poly(alkylene 
oxide) glycol having a number average molecular weight of about 400-6000; R is a divalent radical 

75 remaining after reaction of carboxyl groups from an aromatic dicarboxylic acid having a molecular weight 
less than about 300, and D is a divalent radical remaining after reaction of hydroxyl groups from a diol 
having a molecular weight less than about 250; provided said short chain ester units are about 20-85 
percent by weight of said copolyetherester. 

The term "long-chain ester units" as applied to units in a polymer chain of the copolyetherester refers 

20 to the reaction product of a long-chain glycol with a dicarboxylic acid. Such "long-chain ester units", which 
are a repeating unit in the copolyetherester, correspond to formula (1) above. The long-chain glycols are 
polymeric glycols having terminal (or as nearly terminal as possible) hydroxy groups and a molecular 
weight from about 400-6000. The long-chain glycols used to prepare the copolyetheresters are poly- 
(alkylene oxide) glycols. Representative long-chain glycols are poly(ethylene oxide) glycol, poly(1.2- and 

25 1 .3-propylene oxide) glycol. poly(tetramethylene oxide) glycol, random or block copolymers of ethylene 
oxide and 1 ,2-propylene oxide, and random or block copolymers of tetrahydrofuran with minor amounts of a 
second monomer such as ethylene oxide. 

The term "short-chain ester units" as applied to units In a polymer chain of the copolyetherester refers 
to low molecular weight chain units having molecular weights less than atxjul 550. They are made by 

30 reacting a low molecular weight diol (below about 250) with an aromatic dicarboxylic acid having a 
molecular weight below about 300, to form ester units represented by formula (II) above. 

The term "low molecular weight diols" as used herein should be construed to include equivalent ester- 
forming derivatives, provided, however, that the molecular weight requirement pertains to the diol only and 
not to its derivatives. 

35 Preferred are diols with 2-15 carbon atoms such as ethylene, propylene, tetramethylene, pen- 

tamethylene, 2,2-dimethyltrimethylene, h^xamethylene, and decamethylene glycols, dihydroxycyclohexane, 

cyclohexane dimethanol. and the unsaturated 1 ,4-butenediol. 

The term "dicarboxylic acids" as used herein, includes equivalents of dicarboxylic acids having two 

functional groups which perform substantially like dicarboxylic acids in reaction with glycols and diols in 
40 forming copolyetherester polymers. These equivalents include esters and ester-forming derivatives, such as 

acid anhydrides. The molecular weight requirement pertains to the acid and not to its equivalent ester or 

ester-forming derivative. 

Among the aromatic dicarboxylic acids for preparing the copolyetherester polymers, those with 8-16 
carbon atoms are preferred, particularly the phenylene dicarboxylic acids, l.e., phthalic, terephthalic and 
45 isophthalic acids and their dimethyl ester. 

The short-chain ester units will constitue about 20-85 weight percent of the copolyetherester. The 
remainder of the copolyetherester will be long-chain ester units comprising about 15-80 weight percent of 
the copolyetherester. 

Preferred copolyetheresters are those prepared from dimethyl terephthalate, 1 ,4-butanediol, and poly- 
50 (tetramethylene oxide) glycol having a molecular weight of about 600-2000. Optionally, up to about 30 mole 
percent of the dimethyl terephthalate in these polymers can be replaced by dimethyl phthalate or dimethyl 
isophthalate. Polymers in which a portion of the butanediol is replaced by butenediol are also preferred. 

The dicarboxylic acids or their derivativ s and the polymeric glycol are incorporated into the 
copolyetherester in the same molar proportions as are present in the reaction mixture. The amount of low 
55 molecular weight diol actually incorporatd corresponds to the difference between the motes of diacid and 
polymeric glycol present in the reaction mixture. When mixtures of low molecular weight diols ar 
employed, the amounts of each diol incorporated depends on their molar concentration, boiling points and 
relative reactivities. The total amount of diol incorporated is still the difference between moles of diacid and 

7 
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polymeric glycol. 

The copolyetheresters described herein are made by a conventional ester jnt rchange reaction which, 
pr ferably, tak s place in th pr s nee of a phenolic antioxidant that Is stable and substantially nonvolatile 
during the polymerization. 

The copolyetherlmide ester elastomers differ from the copolyetheresters only in that repeating hard 
segments and soft segments are joined through imidoester linkages rather than simple ester linkages. The 
hard segments in these elastomers consist essentially of multiple short chain ester units represented by the 
formula: 



0 0 

M II 

-ODO-CRC- (II) 

75 described hereinbefore. The soft segments in these polymers are derived from poly(oxyalkylene diimkie) 
diacids whch can be characterized the following formula: 

0 0 

M II 

^ C 

^ \ / \ 

R'OOC-R" M-G»-N R"-C00R' 

II II 

25 0 0 ^ 



wherein each R" is Independently a trivalent organic radical, preferably a Ci to C20 aliphatic, aromatic or 
cycloaliphatic trivalent organic radical; each R* is independently hydrogen or a monovalent organic radical 
preferably selected from the group consisting of Ci to Ce aliphatic and cycloaliphatic radicals and Cs to C12 

30 aromatic radicals, e.g., benzyl, most preferably hydrogen; and G* is the radical remaining after the removal 
of the terminal (or as nearly terminal as possible) amino groups of a long chain ether diamine having an 
average molecular weight of from about 600 to about 12,000, preferably from about i900 to about 4,000. 

Representative long chain ether glycols from which the polyoxyalkylene diamine is prepared include 
poly(ethylene ether)gIycol; poly(propylene ether)glycol: poly(tetramethylene ether)glycol; random or block 

35 copolymers of ethylene oxide and propylene oxide, including propylene oxide terminated poly(ethylene 
ether)glyco!; and random or block copolymers of tetrahydrofuran with minor amounts of a second monomer 
such as methyl tetrahydrofuran (used in proportion such that the carbon-to-oxygen mole ratio in the glycol 
does not exceed atwut 4.3). Especially preferred poIy(alkylene ether) glycols are poly(propylene ether)- 
glycol and poly(ethylene ether)glycols end capped with poly(propylene ether) glycol and/or propylene 

40— oxide, ■ 

In general, the polyoxyalkylene diamines will have an average molecular weight of from about 600 to 
12,000. preferably from about 900 to about 4000. 

Useful in capping the polyoxyalkylene diamines are various tricarboxylic compounds. The tricarboxylic 
component may be a carboxylic acid anhydride containing an additional carboxylic group or the cor- 

45 responding acid thereof containing two imide forming vicinal carboxyl groups in lieu of \he anhydride group. 
Mixtures thereof are also suitable. The additional carboxylic group much be esterifiable and preferably is 
substantially nonimidizabte. 

The tricarboxylic acid materials can be characterized by the following formula: 




8 
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where R is a trivalent organic radical, preferably a C2 to C20 aliphatic, aromatic, or cycloaliphatic trivalent 
organic radical and R' is preferably hydrogen or a monovalent organic radical preferably selected from the 
group consisting of Ci to Ce aliphatic or cycloaliphatic radicals and Cg to C12 aromatic radicals, e.g.. 
phenyl;most preferably hydrogen. A preferred tricarboxylic component is trimellitic anhydride. 

6 These copolymers are described in U.S. 4,988.740; U.S. 4,544,734; U.S. 4,556.688 and U.S. 4.579.884 
all of which are incorporated by reference. 

The preferred form of barium sulfate will have a particle size of 0.1-20 microns. The barium sulfate may 
be derived from a natural or a synthetic source. If desired, other reinforcing fillers or non-reinforcing fillers 
such as talc, clay, mica, glass spheres, wollastonite. and the like may be added. In addition, lubricants, flow 

10 aid, colorants, etc. may be added. 

The filamentous glass to be employed as a reinforcing agent in the present compositions are well 
known to those skilled in the art and is widely available from a number of manufacturers. For compositions 
ultimately to be employed for electrical uses, it is preferred to use fibrous glass filaments comprised of 
lime-aluminum borosilicate glass that is relatively sodium free. This is known as glass.however other 

75 glass compositions are useful. Alt such glasses are contemplated as within the scope of the present 
invention. The filaments are made by standard processes, e.g., by steam or air blowing, flame blowing and 
mechanical pulling. The preferred filaments for plastics reinforcement are made by mechanical pulling. The 
filament diamenters preferably range from about 3 to about 20 microns, but this is not critical to the present 
invention. It is known, however to those skilled in the art, that smaller filament diameters will also increase 

20 the strength. 

The length of the glass filaments and whether or not they are bundled Into fibers and the fibers bundled 
in turn into yarns, ropes or rovings. or woven into mats, and the like are also not critical to the invention. 
However, in preparing the compositions of the present invention, rt is convenient to use filamentous glass in 
the form of chopped strands of from one-eighth to about 2 inches long. In articles molded from the 

25 compositions, on the other hand, even shorter lengths will be encountered because, during compounding, 
considerable fragmentation will occur. 

In the compositions which contain a polycarbonate resin, the stabilizers are used at a level of 0.01-10 
weight percent and preferably at a level of from 0.05-2 weight percent. The stabilizers include ah effectiv 
amount of an acidic phosphate salt; an acid, alkyl. aryl or mixed phosphite having at least one hydrogen or 

30 alkyl group; a Group IB or Group MB metal phosphate salt; a phosphorous 0x0 acid, a metal acid 
pyrophosphate or a mixture thereof. The suitability of a particular compound for use as a stabilizer and the 
determination of how much is to be used as a stabilizer may be readily determined by preparing a mixtur 
of the polyester component, the polycarbonate and the filler with and without the particular compound and 
determining the effect on melt viscosity or color stability or the formation of interpolymer. The acidic 

35 phosphate salts include sodium dihydrogen phosphate, mono zinc phosphate, potassium hydrogen phos- 
phate, calcium hydrogen phosphate and the like. The phosphites may be of the formula: 

r'o-p-or^ 

where H\ and are independently selected from the group consisting of hydrogen, alkyl and aryl with 
the proviso that at least one of R\ R^ and R^ is hydrogen or alkyl. 
45 ' The phosphate salts of a Group IB or Group IIB metal include zinc phosphate, copper phosphate and 
the like. The phosphorous 0x0 acids include phosphorous acid, phosphoric acid, polyphosphoric acid or 
hypophosphorous acid. 

The polyacid pyrophosphates of the fomnula: 

50 M'xHyPn03R+i 

wherein M is a metal, x is a number ranging from 1 to 12 and y is a number ranging 1 to 12, n is a number 
from 2 to 10, z is a number from 1 to 5 and the sum of (x2) + y is equal to n + 2. 

These compounds include Na3HP2 07; K2H2P2O7; Na4P207; KNaH2P7 07 and Na2H2p2 07. The particle 
55 size of the polyacid pyrophosphate should be less than 75 microns, preferably less than 50 microns and 
most preferably less than 20 microns. 

Preferred compositions include the following: 
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polybutylene terephthalate 


7-25 wt. % 


polyethylene terephthalate 


3-10 wt.% 


aromatic polycarbonate 


10-25 wt. % 


stabiliz r 


0.01-10 wt.% 


impact modifier 


0-15 wt.% 


barium sulfate 


40-79.99 wt. % 



Other preferred compositions include: 

10 



polybutylene terephthalate 


15-30 wt.% 


polyethylene terephthalate 


5-15 wt.% 


branched arom. polycarbonate 


20-30 wt.% 


stabilizer 


0,05-2 wt.% 


barium sulfate 


30-59.95 wt.% 


polybutylene terephthalate 


6-10 wt.% 


polyethylene terephthalate 


5-10 wt. % 


polycarbonate 


12-20 wt. % 


stabilizer 


0.01-5 wt. % 


impact modifier 


1-10 wt. % 


barium sulfate 


59-72.99 wt. % 


polybutylene terephthalate 


15-50 wt. % 


polyethylene terephthalate 


5-15 wt. % 


polyetherimide ester 


5-15 wt.% 


K)arlum sulfate 


50-75 wt. % 



As used herein and in the appended claims, the term "weight percent" means the percent by weight of 

each component based on the total weight of composition. 
30 The invention also includes the novel articles made from the compositions of the invention and methods 

of extrusion, blow molding, sheetfonming and thermofomr)ing. 

These articles may comprise dishes, cups, countertops, sinks, shower stalls, building panels, figurines, 

toys, sports equipment, bathroom and kitchen fixtures, business machines, plumbing fixtures, tiles, floor 

coverings, doorknobs, drawer pulls, profile moldings, picture frames, musical instruments and the like. 
35 The method of thermoforming is facilitated by the addition of a rubbery impact modifier and/or a 

polycarbonate or especially a branched polycarbonate to a highly filled composition, i.e. more than 50 

weight percent of an Inorganic filler such as barium sulfate, which includes a polybutylene terephthalate 

and/or a polyethylene terephthalate resin. 

JO- -PESCRiPnON-OF-THE PREFERRED-EMBODIMENTS . 

Examples 1-2 

Thermoplastic compositions were prepared by tumble blending pre-dried components prior to extrusion 
45 using a single screw devolatiiizing extruder. 

1 2 



PBT* 26-3 17.1 



55 



pet"" - 10.0 



BaSO^ 63.5 37.0 
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Polycarbonate^ - 28.0 

Impact - 7.5 
* Modifier"* 

Polyetherimide 10 
10 ester* 

Antioxidant' 0-2 0.1 



75 



20 



25 



30 



35 



45 



50 



Diphenyl - 0.1 

Isodecyl- 

phosphite 

Mold Release^ - 0.2 



a * polybutylene terephthalate, Valox* 315/ having a 

melt viscosity of 7250-9000 poise; 
b - polyethylene terephthalate having an IV of 0.57 
dl/g as measured in a 60:40 mixture of phenol: 
tetra-chloroethane at 25oC; 
c = polycarbonate derived from bisphenol*A and 0.4 
weight percent trimellitic trichloride and 
phosgene, said polycarbonate having an IV of 0.58 
dl/g as measured in chloroform at 25^0; 
d - Kraton G 1651, Shell Chemical Co. an styrene- 
40 ethylene butylene-styrene copolymer; 

e s polyetherimide ester of butane diol, hexane diol, 
(65:35 wt. %) dimethylterephthalate and 
poly{tetramethylene ether)glycol 2000 wt. average 
mol. wt. (33% by weight); 
f = tetrakis (methylene- (3, 5-di-tert-butyl-4- 
hydroxyhydro cinnamate) methane; and 

g a pentaerythritol tetrastearata. 



The numbers for the components of Examples 1 and 2 are in weight percent. 

The compositions were extruded using a 3cm Killion extruder producing a 25cm web at a maximum 
56 gauge of 3mm. Samples were cut into 10"x8" sheets for coating. 

Six different transparent coatings were applied to test sheets and the results of an evaluation of the 
properties of these coatings is shown on Table 1 and Table 2. Coatings applied to the composition of 
Example 1 are shown in Table 1 and coatings applied to the composition of Example 2 are shown in Table 
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2. These coatings had the following composition: 
Coating A 

5 Coating A is prepared by modifying Silvue 313 which is produced by Swedow Dow Corning Corp. This 
product is prepared by modifying Silvue( a dispersion of coltoidai silica in glacial acetic acid and 
methyltrlmethoxy silane prepared according to U. S. 3,986,997) by adding 1.4 weight percent of a silyl 
hydroxy benzophenone (SHBP-UV) produced according to U.S.4,624,870. Example 1). 
A primer for use with Coating A is an emulsion coating which contains: 
10 1 78 g deionized water 
80 g butyl cellosolve 

12.7 g polyacrylate emulsion (Hycar26237) 

12.7 g polyacrylate emulsion (Hycar26256) 

7.2 g Uvinol-N539(2-ethylhexyl-2-cyano-3,3'-diphenylacrylate) 
16 0.14 g citric iacid (50% aqueous) 

0.27 g Irganox 1076(octadecyl-3,5-di-tert-butyl-4-hydroxyhydro-cinnamate 
The primer is cured for 90 minutes in a friction air oven at 260-270 ' F after flow coating and air drying for 
20-30 minutes on the sheet. It is applied at a coating thickness of 0.5-0 .75um. Coating A is flow coated onto 
the primed sheets, air dried for 20-30 minutes and cured for 90 minutes at 265-270 ' F in a friction air oven. 

20 

Coating B 

Coating B is prepared by mixing 203g of methyltrimethoxysilane and 1.25g glacial acetic acid. Ludox 
AS (ammonium stabilized colloidal silica sol..40% Si02 of 22nm size. pM 9.2) with 41 .5g of deionized water 
25 to reduce the Si02 level to 30 weight percentjs added to the acidified methyltrimethoxysilane with stirring. 
The solution is stirred from 16-18 hours at room temperature and then 370g of a 1:1 (by weight) 
isopropanol/n-butanol solvent blend and 35,0g of SHBP UV screen (which is described in U.S. 4.624.870 
Example 1) and 1.1 4g of Silwet L720 (a flow control agent available from Union Carbide ) are added and 
stirred for about two weeks at room temperature. The resin is ready to use after about 3 to 4 weeks of 
30 aging from the day of its preparation. The composition has 20 weight percent solids and contains 13 weight 
percent SHBP based on solids (Si02 + CHsSIOls) and has a viscosity of about 5cs at room temperature. 
A primer which may be used in combinatiion with Coating B has the following formulation: 
2 parts Elvacite 2041 ( high mol. wt. polymethylmethacrylate, from Dupont) 
0.5 parts Uvinol N-539 
35 85 parts propylene glycol monomethyl ether 
15 parts diacetone alcohol 

The primer is prepared by dissolving the polymer and the UV absorber in the solvents and applying the 
coating by flow coating. The primer is allowed to dry at room temperature. Coating B may be applied to the 
primed surface using the same method as described for Coating A. 

40 : 

Coating C 
Type 1 
45 100 parts of Resin A*; 

3.0 parts of 2.4,6-trimethylbenzoyldiphenylacylphosphine oxide (Lucirin TPO available from BASF) 1.0 parts 

of benzophenone; and 

100 parts of propylene glycol methyl ether. 

This coating is applied by flow coating, air dried for 20 minutes and cured using a UV-processor (Linde) 
50 at 15 fpm with two medium pressure mercury lamp (300 watt/inch) at full power. 



*Resin A is prepared by mixing colloidal silica 6,7 parts (Nalcoag 1034A) (34% aqueous colloidal silica) 1.0 part 
methylacryloxypropyl-trimethoxysllane and 0.005 parts of methoxyhydroquinone. The mixture is refluxed for 30 
minutes and after the reaction mixture is allowed to cool. 2.8 parts of hexane dioldiacrylate are added with 
stirring. The solvents are removed by distillation under vacuum. 
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Type 2 

50 parts of Resin A ; 

50 parts of Araldite GU358(reaction product of D-glucitol with epichlorohydrin(CAS 68412-01-1 available 
from Ciba Geigy) 
1 .0 parts of Lucirin TPO 

3.0 parts of triphenylsulfonium hexafluoroantimonate; and 
300 parts of propylene glycol. 

This coating is applied and cured using the same procedure that was ennployed for the application of 
Coating C.Type 1. 

Type 3 

50 part of Resin A; 

75 50 parts of ERL 4221 (3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate(available from Union 
Carbide); 

1 .0 part of 2.4,6-trimethylbenzoyldrphenylacylphosphine oxide; 
3.0 parts of triphenylsulfonium hexafluoroantimonate; and 
100 parts of propylene glycol monomethyl ether, 
20 This coating is applied and cured using the same procedure that was applied for the application of 
Coating C, Type 1 . 

Coating D 



5 



10 



25 21 A parts Cyme! 301 (hexamethoxymethyl melamine. Monsanto) 
13.2 parts R-830 (adhesion promoting coating from Morton Int.) 
33.5 parts butyl celiosolve 
1 3.7 parts 1 .4-butane diol 

0.6 parts Cyasorb UV531 (2-hydroxy-4-N-octyloxyben2ophenone) 
30 1.2 parts Uvinol N-35 (ethyl-2-cyano-3,3'-diphenylacrylate) 
0.1 parts triethyl amine 

0.3 parts Cycat 4040 ( 40% toluene sulfonic acid in 60% isopropyl alcohol) 
All references to "parts" hereinabove is a reference to parts by weight per total weight of composition. 

35 Evaluation : 

The sheets prepared as described above were tested as follows: 
Water soak : 

40 

Using the procedure of ASTM D-3359-87, the test samples were Immersed in deionized water at 65 • , 
the result >100 means that there was no loss of coating adhesion after 100 hours of soaking. 

Taber abrasion : 

45 

This test was carried out according to the procedure set forth in ASTM D-1044. In the present test, 
weight loss rather than haze was measured after 500 cycles. 

Gloss : 

50 

60* gloss measured in accordance with ASTM D-523 on the coated and uncoated sheets. 
Visual : 

55 The coatings were observed to determine if they gave a glossy, smooth,, uniform appearance in ail 
cases. All of the coatings that were tested had a satisfactory appearance. 
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Initial Adhesion : 

The initial adhesion was measured according to ASTM 0-3359-87. 
5 UV Resistance : 

A Q panel Instrument using QUV-B bulbs with water condensation was used to measure color change 
ASTM D-4329. Irradiation cycle was 8 hours on and 4 hours off. Samples were held at 60*C during the 
light cycle and 60 • C during the dark cycle. 
10 . 
Yl: 

The Yl was measured as per ASTM D-1925 and the change in yellowness was calculated from the X, Y, 
Z color values using the following equations: 

IS 

Yl « 128X'(106Z) 

20 



25 



30 



35 



40 



45 



50 



55 
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Obviously, other modifications and variations of the present invention are possible in the light of the 
above teachings. For example, the mineral filled compositions can be rendered flame retardant or colored 
55 using conventional materials. It is, therefore, to be understood that changes may be made in the particular 
mbodiments described above which are within the scope of the invention as defined in the appended 
claims. 
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Claims 

1. A method of coating an article formed from a composition which comprises, based upon the total 
weight of the composition, 

(a) from 0 to 70 weight percent of a polybutylene terephthalate resin; 

(b) from 0 to 70 weight percent of a polyethylene terephthalate resin, with the proviso that the sum 
of the amounts of (a) and (b) must be at least 10 weight percent. 

(c) from 0 to 35 weight percent of an aromatic polycarbonate resin wherein the resin of (a) + (b) is 
equal to or greater than (c); 

(d) when the amount of (c) Is greater than 5%, 0.01 to 10 % of a stabilizer selected from phosphites, 
acidic phosphate salts, polyactd pyrophosphates having a particle size less then 75 microns and 
salts thereof, phosphates of Group IB and Group MB metals.and phosphorous oxo-acids; 

(e) from 0 to 15 weight percent of a styrene-rubber impact modifier; 

(f) from 0 to 35 weight percent of a polyetherester or polyetherimide ester resin; 

(g) from 30 to 80 weight percent of an inorganic filler selected from the group consisting of barium 
sulfate, strontium sulfate, zirconium oxide, zinc oxide and zinc sulfate; and 

(h) from 0 to 30 percent of a fibrous glass reinforcing filler, said method comprising applying to said 
article a coating composition selected from compositions (A) to (D) hereinafter, and thereafter curing 
said composition to a transparent coating: 

(A) a coating composition which is a dispersion of colloidal silica in a lower aliphatic alcohol-water 
solution of the partial condensate of a silanol of the formula RSi(0H)3 in which R is selected alky I 
radicals of 1 to 3 carbon atoms, a vinyl radical, 3,3,3-trifluoropropyl radical, a gamma-glycidox- 
ypropyl radical and a gamma-methacryloxypropyl radical, at least 70 percent of the silanol being 
CH3Si(OH)3. said composition containing 10 to 50 weight percent solids consisting of 10 to 70 
weight percent colloidal silica and 30 to 90 weight percent of the partial condensate, said 
composition containing sufficient acid to provide a pH in the range of 3.0 to 6.0; 

(B) is a silica- containing coating composition comprising from about 10 to 50 weight percent 
solids dispersed in a water/aliphatic alcohol mixture wherein the solids comprise about 10 to 70 
weight percent ammonium hydroxide stabilized colloidal silica and about 30 to 90 weight percent 
of a partial condensate derived from an organotrialkoxy silane of the formula R'SI(0R)3 wherein 
R*is selected from the group consisting of alkyi radicals of from 1 to 3 carbon atoms and aryl 
radicals of from 6 to 13 carbon atoms and R is selected from the group consisting of alkyI 
radicals of from 1 to 8 carbon atoms and aryl radicals of from 6 to 20 carbon atoms, said 
composition having a pH of from about 7.1 to 7.8; 

(C) an ultraviolet light curable coating which comprises 1 to 60 weight percent colloidal silica; 1 to 
50 weight percent of the material produced by the hydrolysis of silyl acrylate and 25 to 90 weight 
percent of an acrylate monomer and 0.1 to 5 weight percent of a UV photoinitiator; or an 
ultraviolet light curable coating which comprises 100 parts by weight of colloidal silica; 5 to 500 
parts of an acryloxy functional silane or glycidoxy functional silane; 10 to 500 parts by weight of a 
non-silyl acrylate and a catalytic amount of a light sensitive photoinitiator; and 

(D) is a reaction product of hexamethoxymethyl-melamine ; and a polyester polyol consisting 
essentially of the reaction products of diacids and diols wherein said diacids comprise at least 
50% by number aliphatic diacids in which the carboxylic acid groups are separated by at least 
two intervening carbon atoms, said diols comprising at least 50% by number aliphatic diols in 
which the carbon atoms containing hydroxyl groups are separated by at least two intervening 
carbon atoms, and wherein the hydroxyl number is from about 50 to about 175. 

2. A method according to Claim 1 wherein the composition of said article comprises: 

(a) from 0 to 30 weight percent of a polybutylene terephthalate resin; 

(b) from 0 to 30 weight percent of a polyethylene terephthalate resin, with the proviso that the sum 
of the amounts of the polybutylene terephthalate resin and the polyethylene terephthalate resin must 
be at least 10 weight percent of the total composition; 

(c) from 10 to 30 weight percent of an aromatic polycarbonate resin; 

(d) 0.01 TO 10 % of a stabilizer selected from phosphites, acidic phosphate salts, polyacid 
pyrophosphates and salts thereof, phosphate salts of Group IB or Group IIB metals and phosphorous 
oxo-acids; 

(e) from 0 to 10 weight percent of a styrene-rubber impact modifier; 
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(f) from 30 to 79.99 weight percent of an inorganic filler selected from the group consisting of barium 
sulfate, strontium sulfate, zirconium oxide and zinc sulfate; and 

(g) from 0 to 30 percent of a fibrous glass reinforcing filler; 

5 3. A method as defined in claim 1 wherein the composition of said article comprises : 

(a) from 7 to 15 weight percent of polybutylene terephthalate; 

(b) from 3 to 10 weight percent of polyethylene terephthalate; 

(c) from 10 to 25 weight percent of an aromatic polycarbonate resin; 

(d) from 0.01 to 10 weight percent of a stabilizer selected from the group consisting of phosphites, 
TO acidic phosphate salts, polyacid pyrophosphates and salts thereof; phosphates of a Group IB or a 

Group MB. metal and phosphorous oxo-acids; 

(e) from 0 to 15 weight percent of an styrene rubber impact modifier, and 

(f) from 40 to 79.99 weight percent of an inorganic filler selected from the group consisting of barium 
sulfate, zirconium oxide, strontium sulfate and zinc sulfate, 

75 

4. A method according to Claim 1 wherein the composition of said article comprises: 

(a) from 6 to 10 weight percent polybutylene terephthalate; 

(b) from 5 to 10 weight percent of a polyethylene terephthalate; 

(c) from 12 to 20 weight percent of an aromatic polycarbonate wherein in said molding composition, 
20 the ratio of polybutylene terephthalate to polyethylene terephthalate to aromatic polycarbonate is 

atjput 2:1:3; (d) from 0.01 to 5 weight percent of a stabilizer; 

(e) from 1 to 10 weight percent of a styrene-rubber impact modifier; and 

(f) from 59 to 72.99 weight percent of barium sulfate, 

25 5. A method according to Claim 1 wherein the composition of said article comprises: 

(a) polybutylene terephthalate 0 to 70 weight percent; 

(b) polyethylene terephthalate 0 to 70 weight percent; 

(c) polyether ester or polyetherimlde ester 0 to 35 weight percent; with the proviso that the weight of 
(a) + (b) is at least equal to or greater than (c) and that the weight of (a)+(b) is at least 10% by 

30 weight of total composition; 

(d) from 30 to 80 weight percent of an inorganic filler selected from the group consisting of barium 
sulfate, strontium sulfate, zirconium oxide, zinc oxide and zinc sulfate; and 

(e) from 0 to 30 percent of a fibrous glass reinforcing filler, 

35 



-40. 
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